Thus, the objective of this dissertation research was to develop and evaluate a noninvasive, three-dimensional magnetic resonance imaging technique capable of visualizing the coronary arteries. The greatest challenge toward meeting this goal is respiratory motion of the heart. This motion was characterized and found to be on the order of tens of millimeters in range and greater in extent along the cranio/caudal axis than along the anterior/ posterior axis for a supine subject. The motion was determined to be more complex than a simple one-dimensional translation. Several methods to compensate for respiratory motion were evaluated via examination of point spread functions, computer simulations of imaging, and actual application to imaging experiments. A 3-D approach was selected for its ability to provide high resolution, high signal-to-noise ratio images. The implementation of a 3-D technique for cardiac imaging imposes a variety of filters over the detected signal. These filters were simulated and analyzed for their effect on contrast and resolution. Finally, the developed technique was used on normal volunteers and patients with known pathology. The technique was very successful in depicting anatomy in normal volunteers. The technique was able to clearly reveal pathology in some patients yet yielded false negatives in others. Th e inconsistencies in the ability to reveal pathology may actually have been related to different types of disease. In so, then the technique may provide a method of discrimination between different types of disease though more experimentation is needed to characterize the appearance of pathology in this 3-D technique. In addition, improving thetechnique by incorporating more respiratory compensation, especially gating, increasing resolution, including spatially and/or frequency selective RF pulses, employing appropriate surface coils, and possibly utilizing contrast agents should increase the diagnostic capability of 3-D MRI of the coronary arteries. 
Thus, the objective of this dissertation research was to develop and evaluate a noninvasive, three-dimensional magnetic resonance imaging technique capable of visualizing the coronary arteries. The greatest challenge toward meeting this goal is respiratory motion of the heart. This motion was characterized and found to be on the order of tens of millimeters in range and greater in extent along the cranio/caudal axis than along the anterior/ posterior axis for a supine subject. The motion was determined to be more complex than a simple one-dimensional translation. Several methods to compensate for respiratory motion were evaluated via examination of point spread functions, computer simulations of imaging, and actual application to imaging experiments. A 3-D approach was selected for its ability to provide high resolution, high signal-to-noise ratio images. The implementation of a 3-D technique for cardiac imaging imposes a variety of filters over the detected signal. These filters were simulated and analyzed for their effect on contrast and resolution. Finally, the developed technique was used on normal volunteers and patients with known pathology. The technique was very successful in depicting anatomy in normal volunteers. The technique was able to clearly reveal pathology in some patients yet yielded false negatives in others. Th e inconsistencies in the ability to reveal pathology may actually have been related to different types of disease. In so, then the technique may provide a method of discrimination between different types of disease though more experimentation is needed to characterize the appearance of pathology in this 3-D technique. In addition, improving thetechnique by incorporating more respiratory compensation, especially gating, increasing resolution, including spatially and/or frequency selective RF pulses, employing appropriate surface coils, and possibly utilizing contrast agents should increase the diagnostic capability of 3-D MRI of the coronary arteries. This dissertation demonstrates the utilization of threedimensional magnetic resonance imaging (MRI), incorporating magnetization prepared rapid gradient echo acquisition techniques in the study and assessment of the human pulmonary vascular system. Among the several advantages that MRI offers, is its noninvasiveness, which has attracted many researchers in the past decade to help characterize the cardio-pulmonary system. The impetus now taken by MRI in the diagnosis of the pulmonary system is directly related to its enormous flexibility to integrate and demonstrate excellent anatomic as well as physiologic information, possibilities not readily available with other clinical imaging modalities.
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The utility of MRI in disease diagnosis in the thoracic region has been realized since its inception, yet the application of magnetic resonance angiography (MRA) to visualize the pulmonary vasculature is a recent and yet unexplored approach for the assessment of pulmonary vascular disease.
The application of 3-D techniques for the., visualization of the pulmonary vascular tree is a major challenge for MRI. This is mostly due to the fact that the long data collection times involved in obtaining high resolution images leads to unavoidable image degradation, provided that thoracic motion is present. Despite this fact, the 3-D approach allows for higher S/N, susceptibility artifact reduction with shorter echo times and isotropic data collection. The latter provides the benefit of multiplanar reconstructions (MPR) and a 3-D visualization of the pulmonary vasculature using maximum intensity projections (MIP).
To study the pulmonary vascular system, two approaches have been considered. First, a proton density/ inflow weighted scan based on a syncopated 3-D FLASH acquisition is used to reconstruct a 3-D angiogram of the pulmonary vascular tree. Secondly, a strong T1 weighted 3-D IR-FLASH acquisition reduces the signal from blood and enhances tissues with shorter TI values ......
The latter technique has demonstrated great potential and high sensitivity for the diagnosis of pulmonary emboli in patients with suspected pulmonary embolism, a disease that is estimated to be the third most common cause of death in the United States. The 3-D IR-FLASH technique makes it possible to visualize bright emboli against a suppressed vascular tree. Furthermore, the 3-D IR-FLASH scan helped explain the pitfalls of the~synco -pated 3-D FLASH technique to demonstrate vessel occlusion as signal voids, initially thought to compare with the views generated in standard contrast angiograms, the gold standard for the detection of pulmonary embolism. Using these techniques, it has been possible to discriminate clot from blood and follow a patient through treatment to visualize improvements in pulmonary vascular flow.
Multiple acquisitions and rectangular field-of-view are used to pseudogate to the respiratory period and reduce motion artifacts, while keeping reasonable imaging times. Technical aspects on data collection during the approach to equilibrium, acquisition strategies in the presence of The interaction of angular and linear stimuli produces a complex alignment of spatial orientation and the vestibulo-ocular reflexes (VOR). This phenomenon was studied by measuring three-dimensional eye movements in six male squirrel monkeys during centrifugation in the dark. The axis of centrifuge rotation was always aligned with gravity and with the spinal axis of the upright monkeys. The erect monkeys were placed in one of four orientations: (a) facing into the motion; (b) facing away from the motion; (c) facing the center of rotation; (d) facing away from the center of rotation. These different orientations determined the direction of centripetal acceleration with respect to the monkey. Angular velocity trapezoids were utilized as the motion stimuli with a ramp acceleration (and deceleration) of 10~ 2 tO a constant velocity of 200~ This profile provided a final centripetal acceleration of 1 g, which yielded a gravito-inertial force which was tilted 45 ~ with respect to earth vertical and which had a magnitude of 1.4 g.
The orientation of centripetal acceleration dramatically altered the VOR by changing the axis of eye rotation, the peak value of slow phase eye velocity, and the time constant of per-rotary decay. The axis of eye rotation always tended to align with gravito-inertial force, the peak value of slow phase eye velocity was greater when the monkey faced the motion than when it faced away from the motion, and the time constant of decay was smaller when the monkey faced the motion than when it faced away from the motion. These findings were statistically significant (p < 0.05) and were very consistent across all monkeys.
As previous research has indicated, further modeling of the data indicates that the VOR may be separated into two reflexes: a linear reflex and a rotational reflex. The linear reflex decays as the axis of eye rotation aligns with gravito-inertial force (GIF). These results, along with other data in the literature, indicate that gravito-inertial force is resolved into two components; one representing an internal estimate of linear acceleration and one representing an internal estimate of gravity.
A "sensory conflict" model of spatial orientation is developed. The model is based upon observer theory, optimal observer theory (Kalman Filtering), and more general nonlinear concepts. The model hypothesizes that the central nervous system of the squirrel monkey "knows" the dynamics of the sensory organs and uses this knowledge to create an internal model of the sensory systems. The internal model receives as input the internal estimate of linear acceleration and angular velocity. The output of the internal model is the expected sensory afference. The expected sensory afference is compared to the actual sensory afference to yield sensory conflict. The sensory conflict information drives the internal estimate of linear acceleration and angular velocity toward the true values. The predictions of the model are compared to results from this thesis and from the literature.
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